dogs after signs of cardiac failure had developed. Attention was directed to the relation of arterial pulse and mean pressures and renal hemodynamic function to aldosterone secretion.
Methods
A large (12 to 15 mm in length) arteriovenous (A-V) fistula was placed between the aorta and the inferior vena cava approximately 5 to 6 cm below the renal arteries in 25 mongrel dogs weighing 15 to 20 kg. In some of the animals, control studies of arterial and venous pressures, renal hemodynamic function, and daily Na and K excretion were conducted before placement of the fistula while in others arterial pressure only was measured during the control period. After the fistula was placed, measurements of arterial and venous pressures and of urinary Na excretion were made. Body temperature was measured frequently because of the occasional development of bacterial endocarditis in dogs with an A-V fistula, and all dogs with a persistent fever were excluded from the study. In one additional dog, the left kidney was transplanted to the neck as described elsewhere 9 and the right kidney was removed; after control observations a large aortic-caval fistula was made posterior to the kidneys as in the other dogs.
After the development of signs of right or left heart fa'lure or both, the animals were anesthetized lightly with sodium pentobarbital and the right adrenolumbar vein was cannulated for collection of adrenal vein blood by the method of Hume and Nelson. 10 If the animals were in severe heart failure, the acute effects of hypophysectomy upon aldosterone and corticosterone secretion were studied following the initial collection of adrenal vein blood; the posthypophysectomy observations were made two hours after removal of the anterior pituitary. In other dogs with less severe heart failure, a chronic indwelling catheter was inserted into the right adrenolumbar vein and daily observations of steroid secretion made after the animals became conscious. Body temperature was measured immediately after collection of adrenal vein blood in all conscious dogs with a chronic indwelling catheter because fever augments ACTH output and would, thereby, increase aldosterone secretion. Also, the effect of hypophysectomy was studied in the group of dogs with a chronic adrenal catheter. Postabsorptive measurements of aldosterone and corticosterone output were made while these animals were conscious, the dogs were anesthetized and hypophysectomy was performed; observations on steroid secretion were made again after two hours. Finally, in this group of hypophysectomized animals, the effects of acute nephrectomy and subsequent infusion of a saline extract of each animal's two kidneys on steroid secretion were studied as described in a previous report. 11 In four of the five animals this acute experiment was performed two or three days after hypophysectomy during which the animals were maintained on 100 mg/day of cortisone to support cardiovascular function; in the remaining dog (dog no. 5, table 2), studies were made two hours after hypophysectomy. By Circulation Research, Volume XIV, June 1964 allowing two to three days to elapse after hypophysectomy, the acute response to nephrectomy was distinguishable from the effects of a continued loss of adenohypophyseal hormones following hypophysectomy.
The animals were kept in metabolic balance cages and fed a synthetic diet which contained 60 mEq/day of Na and 18 mEq/day of K. In conscious dogs, arterial pressure was measured in the femoral artery and, in addition, in some animals in the common carotid artery which had been exteriorized to lie directly beneath the skin of the neck. Arterial pressure was determined with a Statham strain gauge and a Sanborn recording system. External jugular venous pressure was measured in conscious dogs by means of a water manometer. In the acute experiments on the effects of nephrectomy in anesthetized dogs, arterial pressure was measured above the fistula in either the common carotid or subclavian artery and below the fistula in the common iliac artery or lowest portion of the abdominal aorta. Hypophysectomy was performed by the oral approach by a technique described previously. 12 Measurements of glomerular filtration rate (GFR) and renal plasma flow (RPF) were made in dogs in the postabsorptive state by standard renal clearance techniques for creatinine (Cr) and para-aminohippurate (PAH). In one dog with only one kidney which was transplanted to the neck, urine for renal clearance determinations was collected by placing a test tube over the end of the transplanted ureter. Secretion of aldosterone and corticosterone was determined in adrenal vein plasma by the double isotope derivative assay procedure of Kliman and Peterson. 13 The kidneys were studied by the Bowie technique 14 for the presence of hypergranulation and hyperplasia of the juxtaglomerular cells, and by the fluorescent antibody technique. 15 The weights of the right and left ventricular walls were determined by a method described earlier. 16 
Results

EVIDENCE FOR CARDIAC FAILURE IN DOGS WITH AN AORTIC-CAVAL FISTULA
Signs of right heart failure or a combination of right-and left-sided congestive failure developed in 16 dogs with a large aortic-caval fistula ( figure 1 . In 12 of the animals a progressive rise in external jugular venous pressure occurred whereas in the remaining four dogs venous pressure was normal or only slightly elevated. At the time of the aldosterone studies the concentration of plasma Na was within normal limits; plasma K was normal in 7 of 11 dogs but was elevated slightly Changes associated with development of right and left heart failure secondary to a large infrarenal aortic-caval fistula (dog 12, was accompanied by the formation of edema and ascites and, in some animals, massive hind leg edema was present. In 4 animals (dogs 4, 12, 13, and 16, table 1), there was clear-cut evidence of left as well as right heart failure. At the time of the collection of adrenal vein blood, rales were audible in dogs 4 and 12 and frank pulmonary edema was present in dogs 13 and 16. Also, right heart failure developed secondary to an A-V fistula in the dog with only one kidney which was present in the neck ( fig. 2 ). The average duration of the interval between placement of the fistula and the onset of signs of frank congestive failure was 18 days (range 7 to 75 days). Measurements of the weight of the right and left ventricular Observations on a dog with heart failure secondary to an A-V fistula but with only one kidney which had been transplanted to the neck. walls showed that right ventricular hypertrophy was present in 13 of 14 animals and was clearly discernible as early as 14 days after placement of the fistula (fig. 3) ; the degree of hypertrophy progressed with the duration of the fistula. Six animals with fistulas of 40 days duration or longer showed left ventricular hypertrophy. Hepatomegaly was a frequent finding. Histologic examination of livers and lungs from twelve of the dogs confirmed the presence of congestive heart failure, and in those dogs with severe ascites the intrahepatic lymphatics were dilated.
ALDOSTERONE SECRETION IN DOGS WITH AN AORTIC-CAVAL FISTULA AND HEART FAILURE
Aldosterone secretion was increased at the (table 1) when compared with a group of normal dogs. The average value for aldosterone secretion in normal dogs subjected to laparotomy was 0.024 /tg/min ± 0.017 SD, a value which has been reported previously.
1 ' *• 9 The difference between the present experimental data and the normal value is significant at the 1% level. Simultaneous measurements of corticosterone secretion showed an average value of 2.50 /Ag/min ± 1.27 SD which was not significantly different from the mean value of 2.34 ^ig/min ± 0.84 for normal, stressed dogs. Also, hypersecretion of aldosterone occurred in the dog with the transplanted neck kidney and heart failure ( fig.  2 ). In addition, four animals with heart failure were studied by the means of a chronic indwelling catheter while the dogs were conscious and quiet (solid bars, right section, fig.  4 ). In three of the four dogs aldosterone secretion was markedly elevated in comparison with the average value for unstressed, conscious normal dogs of 0.006 //.g/min. 17 Corticosterone secretion was very low in all four conscious dogs with heart failure.
RELATIONSHIP OF CARDIOVASCULAR AND RENAL HEMODYNAMIC FUNCTION TO ALDOSTERONE SECRETION
Arterial pressure was measured above and below the fistula in 11 dogs (table 1). In 10 of the 11 animals (except for dog 2) hypersecretion of aldosterone occurred. The average values of the arterial pressure measurements above the fistula in these 10 dogs are presented in figure 5 in comparison with the average arterial pressures in 17 of the animals in the present study in which arterial pressure was measured before placement of the fistula. The values for arterial pressure above the fistula were used for comparison with normal data because this pressure is the renal perfusion pressure. Systolic arterial pressure was unaltered but diastolic and mean pressures were reduced. Consequently, pulse pressure was increased above the fistula and presumably in the renal arteries. These changes in arterial pressure were present also in the animal with the transplanted neck kidney ( fig. 2 ). Mean 
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FIGURE 3
Evidence of ventricular hypertrophy in dogs with a large aortic-caval fistula and heart failure. RV arterial pressure was consistently higher above than below the fistula (table 1) .
Renal hemodynamic function as measured by Co and CI> A H in the postabsorptive state was decreased in all seven animals in which determinations were made with the kidneys in situ (fig. 6 ). In five of the seven animals CPAH was decreased more than Cc r so that filtration fraction increased. The hematocrit was consistently reduced in the present animals with an A-V fistula so that the percentage reduction in renal blood flow was greater than the fall in renal plasma flow. Increased aldosterone secretion occurred in all seven dogs in which studies of renal hemodynamic function were made. It is clear, therefore, that a reduction in mean renal perfusion pressure, glomerular filtration rate, and renal blood flow was associated with the hypersecretion of aldosterone in the animals with the kidneys in situ. In the dog with the transplanted neck kidney no change in renal hemodynamic function was detected ( fig. 2 ). This finding suggests that the reduction in flow of blood through the in situ kidney of dogs with an A-V fistula was mediated by renal vasoconstriction via the sympathetic nerves, but data in only one animal do not provide a basis for any definitive statement on this point. 
FIGURE S
Arterial pressures above the A-V fistula in dogs witli heart failure are compared with normal values. Mean values and standard errors are presented.
EFFECTS OF HYPOPHYSECTOMY UPON ALDOSTERONE SECRETION IN DOGS WITH AN A-V FISTULA
The response to removal of the anterior pituitary was studied in anesthetized, stressed dogs (left section, fig. 4 ). A marked drop in aldosterone and in corticosterone output occurred within two hours after hypophysectomy. In four additional dogs (right section, fig. 4 ), studies of steroid secretion were made by means of a chronic indwelling catheter while the animals were conscious. These dogs were then anesthetized and hypophysectomized, and steroid secretion was measured two hours after hypophysectomy. Following removal of the pituitary in these animals, a striking fall in aldosterone secretion occurred within two hours and a small but definite decline in corticosterone output was evident. In three of these four animals, the posthypophysectomy rates of aldosterone secretion were 0.026, 0.024, and 0.022 fig/min; these values are higher than the average value of 0.006 /^g/min for normal conscious dogs.
17
EFFECTS OF ACUTE NEPHRECTOMY AND SUBSEQUENT INFUSION OF A KIDNEY EXTRACT IN HYPOPHYSECTOMIZED DOGS WITH AN A-V FISTULA
After control observations in four dogs with an A-V fistula in which hypophysectomy was performed two to three days previously, the kidneys were removed to study the effects on steroid secretion and blood pressure ( fig. 7  and table 2) . In three of the foiir hypophysectomized animals, the control values before nephrectomy were elevated above the average value for normal conscious dogs of 0.006 fig/ min. 17 In three of the four animals a drop in aldosterone secretion occurred and the final rate of aldosterone secretion following removal of both the anterior pituitary and the kidneys was very low. In the remaining animal (dog 4) the control rate of aldosterone secretion was low and a farther decline was not discernible. The posthypophysectomy rate of corticosterone secretion was further reduced by nephrectomy (table 2) in one of the four animals; in the other three dogs, the control values for corticosterone secretion were extremely low as a result of hypophysectomy. Arterial pressure fell following nephrectomy. A saline extract of each animal's two kidneys was infused over a 30-minute period at a rate of 5 to 6 cc/min. Both aldosterone and corticosterone secretion increased in all four experiments and a pressor response was observed in every instance (table 2) .
In one additional animal (dog 5, table 2) the effects of nephrectomy were studied two hours after hypophysectomy; aldosterone secretion was low but a further decline was discernible. Also, in this animal corticosterone output and blood pressure fell after nephrectomy and the kidney extract produced a striking increase in the secretion of aldosterone and corticosterone and in blood pressure.
STUDIES OF THE JUXTAGLOMERULAR CELLS OF THE KIDNEY IN DOGS WITH HIGH OUTPUT HEART FAILURE SECONDARY TO AN AORTIC-CAVAL FISTULA
Hyperplasia and hypergranulation of juxtaglomerular cells were present frequently in this experimental series ( fig. 8 ). These changes were evident in paraffin sections stained by the Bowie technique. Also, in cold acetone-fixed sections stained with fluoresceinlabelled antihog renin ( fig. 9) , a large amount of fluorescent material was demonstrable.
Six of thirteen dogs with an A-V fistula which were studied had JG indices * of 16 or greater (range 16 to 39), whereas the JG index in the other seven was below the upper limit of the normal range of 0 to 16. Variation in JG granulation among the experimental animals was related to the duration of the fistula before the onset of signs of cardiac failure; i.e., in the most severely affected dogs, which developed cardiac failure sooner, the degree of JG granulation was much higher than in those less severely affected, which took longer to develop cardiac failure. The JG index was * The juxtaglomerular (JG) index is a numerical estimate of the degree of granulation and has been defined previously. 
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inversely correlated with duration of the fistula (r=-0.71; P<0.01; fig. 10 ).
Discussion
It is well-known that congestive heart failure occurs in dogs 1S and human beings 19 ' 20 with a large A-V fistula. Signs of right and left heart failure develop although the absolute level of cardiac output is high; pulmonary edema is the usual mode of death in the dog. Ferguson et al. 18 made extensive studies of ventricular performance in dogs with heart failure secondary to an aortic-caval or to multiple peripheral arteriovenous fistulas. These workers found a marked increase in resting left ventricular end diastolic pressure, cardiac output, and cardiac work. Impairment in cardiac performance was demonstrated by infusion of whole blood or saline into these animals; an additional progressive increase in the high filling pressure of the left ventricle occurred but cardiac output and work remained unchanged or declined. In the dogs with a decline in cardiac work, the data demonstrated that the animals were on the descending limb of the Starling curve. Similarly, a decrement from the high resting level of cardiac output with a concomitant increase in central venous pressure has been reported 20 following exercise of patients with heart failure secondary to a large A-V fistula.
In the present study the course of the ex- failure, signs of left heart failure ensued quickly; tachypnea and rales were frequently followed within one to five days by frank pulmonary edema. Aldosterone secretion was markedly elevated in the present animals with an A-V fistula and right heart failure or with a combination of both right-and left-sided cardiac failure. This finding was evident both from studies in animals subjected to the stress of Iaparotomy and from observations in conscious dogs. Hypophysectomy resulted in a striking decrease in aldosterone secretion but frequently hypersecretion of aldosterone continued in the absence of the anterior pituitary. In three of the four hypophysectomized dogs with an A-V fistula (right section, fig. 4 ), aldosterone secretion was 267 to 333% higher than in normal, conscious animals. 17 This finding is the same as that observed earlier following hypophysectomy of dogs with hyperaldosteronism secondary to thoracic inferior vena cava constriction. 17 It is also important that in the present animals with high output heart failure and in dogs with thoracic caval constriction, 17 Relationship of JG index to duration of A-V fistula in days before onset of cardiac failure.
perimental disease was studied. The load imposed on the heart by the fistula led to an increase in central venous pressure, right ventricular hypertrophy, tachycardia, hepatomegaly, marked Na retention, and ascites formation and, consequently, to a full-blown syndrome of right heart failure. 21 that ACTH supports the production of aldosterone by the adrenal cortex at a very high rate in the dog with thoracic caval constriction but is not essential for hypersecretion of aldosterone. The same situation appears to be present in dogs with an A-V fistula and heart failure. These results indicate that an extrapituitary mechanism is responsible for the hypersecretion of aldosterone in dogs with an A-V fistula and high output failure.
To examine the role of the kidney and the possibility that the renin-angiotensin system effected the hypersecretion of aldosterone, the kidneys were removed in hypophysectomized dogs with an A-V fistula and heart failure. The anterior pituitary was extirpated before nephrectomy so that the stress of laparotomy which elevates ACTH output and, secondarily, aldosterone secretion would not obscure a fall in aldosterone output secondary to removal of the kidneys. Also, by removal of the anterior pituitary two to three days previously, the acute effects of loss of adenohypophyseal hormones were not confused with a response to nephrectomy. Following nephrectomy, both aldosterone and corticosterone secretion fell markedly and blood pressure dropped; this fall in aldosterone secretion was considerably greater in three of the present animals than the average fall following nephrectomy of a large series of simple hypophysectomized dogs. 1 Infusion of a saline extract of each animal's two kidneys produced a striking increase of aldosterone and corticosterone secretion and of blood pressure in every experiment. These findings suggest that the hypersecretion of aldosterone was mediated by increased activity of the renin-angiotensin system. Additional evidence for increased secretion of renin is provided by the frequent finding of hypergranulation and hyperplasia of the juxtaglomerular cells of the kidneys from animals with an aortic-caval fistula. The present experimental findings are pertinent to the problem of the nature of the signal to the kidney for release of renin. Arterial pulse pressure was increased so that a decrease in arterial pulse pressure can be eliminated as a possible mechanism for the increase in aldosterone output and, presumably, for the release of renin in dogs with an A-V fistula. Similar results have been reported recently by Muller 22 during the acute response to the opening of an A-V fistula; arterial pulse pressure and aldosterone secretion increased. In previous reports 4~" it has been noted that a decrease in mean renal arterial pressure and renal blood flow is present in several experimental situations with hyperaldosteronism secondary to increased activity of the renin-angiotensin system. Dogs with high output heart failure secondary to an infrarenal aortic-caval fistula also have a reduction in mean arterial pressure above the fistula and presumably in the kidney, and renal blood flow is low in the in situ kidney. The present results provide evidence, therefore, for another experimental condition with hypersecretion of aldosterone and increased renin release in association with reduced pressure and flow of blood through the kidney.
Summary
Hypersecretion of aldosterone occurred at the onset of signs of congestive heart failure in a large series of dogs with a large infrarenal aortic-caval fistula. There was evidence of right heart failure in all animals and in four of the dogs rales or frank pulmonary edema was present. Marked sodium retention and ascites or edema were consistent findings and in the majority of the animals central venous pressure was elevated.
Hypophysectomy was followed by a striking fall in both aldosterone and corticosterone secretion but in several animals hypersecretion of aldosterone was evident in the absence of the anterior pituitary. Subsequent acute bilateral nephrectomy of these hypophysectomized dogs resulted in a marked drop of aldosterone secretion to a very low level, and a precipitous fall in arterial pressure frequently occurred. An intravenous infusion of a saline extract of each animal's kidneys produced a striking elevation in aldosterone output; corticosterone secretion and arterial pressure increased consistently. The kidneys of these dogs with heart failure secondary to an A-V fistula frequently showed hypergranulation and hyperplasia of the juxtaglomerular cells. The present findings suggest that the increased rate of aldosterone secretion was mediated by the renin-angiotensin system.
Measurements of arterial pressure and renal hemodynamic function demonstrated a fall of mean renal arterial pressure, glomerular filtration rate, and renal plasma flow, whereas arterial pulse pressure above the fistula and presumably in the kidneys was increased. The data suggest that decreased pulse pressure is unnecessary for activation of the renal mechanism leading to hyperaldosteronism.
